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(57) ABSTRACT

The invention relates to a method for preparing metal work-
pieces for cold forming by first applying a phosphate layer
and then applying a lubricant layer which has a major content
in organic polymer material. The phosphate layer is formed
by an aqueous acidic phosphating solution having a major
content in calcium, magnesium or manganese and phosphate.
The lubricant layer is formed by contacting the phosphated
surface with an aqueous lubricant composition which has a
content in organic polymer material based on ionomer and
optionally also non-ionomer the organic polymer material
used predominantly being monomers, oligomers, co-oligo-
mers, polymers or copolymers based on ionomer, acrylic
acid/methacrylic acid, epoxide, ethylene, polyamide, propy-
lene, styrene, urethane, the ester or salt thereof. The invention
also relates to the corresponding lubricant composition, to the
lubricant layer produced thereof and to its use.
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1
METHOD FOR COATING METAL SURFACES
WITH A PHOSPHATE LAYER AND THEN
WITH A POLYMER LUBRICANT LAYER

RELATED APPLICATIONS

This application is a §371 application from PCT/EP2009/
050851 filed Jan. 26, 2009, which claims priority from Ger-
man Patent Application No. 10 2008 000 187.2 filed Jan. 30,
2008, each of which is herein incorporated by reference in its
entirety.
The invention relates to a process for the coating of metallic
surfaces first with an aqueous acidic phosphatising solution
and then with a lubricant composition in the form of an
aqueous solution or dispersion based on polymeric organic
material with a content of at least one organic polymeric
material of ionomer, other polymer/copolymer and/or deriva-
tives thereof as well as, optionally, of at least one wax, of at
least one water-soluble, water-containing and/or water-bind-
ing oxide and/or silicate, of at least one solid lubricant, of at
least one friction modifier and/or of at least one other additive
as well as a corresponding lubricant composition which is
intended in particularto facilitate the cold forming of a metal-
lic shaped article after the formation of a coating on this
shaped article. Cold forming can generally take place at sur-
face temperatures of up to about 450° C. but without the input
of heat. Heating takes place during this process only as a
result of the forming and optionally the preheating of the
workpieces to be formed. However, the temperature of the
workpieces to be formed is generally approx. 20° C. How-
ever, where the workpieces to be formed are previously
heated to temperatures in the range of 650 to 850° C. or 900
to 1250° C., the process is known as semi-hot or hot forming.
While forming oils are generally used for the cold forming
of metallic shaped articles with relatively low degrees of
deformation and correspondingly lower forces, for much
higher degrees of deformation at least one coat is usually
employed as a separating layer between workpiece and tool in
order to avoid cold welding of workpiece and tool. For the
latter, it is conventional to provide the workpieces with at
least one coat of a lubricant or with a lubricant composition in
order to reduce the friction resistance between the surface of
the workpiece and the forming tool. Cold forming includes:
slide drawing (forming under a combination of tensile and
compressive conditions), e.g. of welded or seamless
tubes, hollow profiles, rods, solid profiles or wires,

ironing and/or deep drawing, e.g. of strips, sheets or hollow
parts to form hollow parts,

cold extrusion (forming under compressive conditions),

e.g. of hollow or solid parts and/or

cold heading, e.g. of wire sections to form joining elements

such as e.g. nut or screw blanks.

In the past, the metallic shaped articles for cold forming
were virtually only prepared either by applying a fat, an oil or
an oil emulsion or by first coating with zinc phosphate and
then coating either with a soap, especially based on alkali or
alkaline-earth stearate, and/or with a solid lubricant, espe-
cially based on molybdenum sulfide, tungsten sulfide and/or
carbon. However, a coat containing a soap finds its upper
application limit at moderate forces and moderately high
temperatures. A solid lubricant was only used for moderately
heavy or heavy cold-forming operations. For the cold forming
of stainless steels, coats of chloroparaffins were often used,
but these are used reluctantly today for reasons of environ-
mental protection. However, sulfide-containing coats have a
detrimental effect on stainless steel.
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In individual cases, coating first with zinc phosphate and
then either with oil or with a certain organic polymeric com-
position was then begun. If necessary, either at least one solid
lubricant, such as e.g. molybdenum disulfide and/or graphite,
was added to the organic polymeric composition (second
coat, with zinc phosphate being selected as the first coat) or
this at least one solid lubricant was applied on to the organic
polymeric coat as a third coat. While molybdenum disulfide
can be used up to temperatures of about 450° C., graphite can
be employed up to temperatures of about 1100° C., although
its lubricating effect does not start until about 600° C. These
coating sequences are conventional to the present day.

The application of a zinc phosphate layer and then a lubri-
cant layer for cold forming is known in principle. However,
zinc phosphate has the disadvantage that it is not so environ-
mentally friendly owing to its high zinc content and is often
also less favourable in terms of the quality of the coat and its
structure. Virtually no organic polymeric materials are known
on the market for cold forming, and they are also usually
unsuitable for heavy cold-forming operations.

DE 102005023023 Al teaches a process for the prepara-
tion of metallic workpieces for cold forming by electrolytic
phosphatising with an aqueous acidic phosphatising solution
based on Ca, Mg and/or Mn phosphate. Wires can be coated
outstandingly well with this process. Compositions based on
soaps are described as a lubricant layer deposited thereon.
The soap layers are deposited from hot, strongly alkaline
solutions and attack the metal phosphate layer, so that metal
soaps are formed. However, the chemical conversion of the
Ca phosphate to Ca stearate, which is necessary for cold
forming, takes place more slowly and less completely than
expected.

The lubricant systems based on metal soaps do not meet the
requirements, which have now become significantly higher,
for strain, pressing accuracy (net shape) and strain rate. In
addition, environmental compatibility and industrial hygiene
must be taken into consideration. Furthermore, the excess
lubricant residues must not be deposited at one point on the
tool, since this affects the pressing accuracy of the workpieces
and increases rejects. It is advantageous if the coating and
deposits can be readily removed from the workpiece, the tool
and the plant after forming has taken place.

The applicant the same day at the same patent office on
closely related processes of cold forming, their compositions
and their coatings filed patent applications as well as their
priority  applications DE  102008000187.2, DE
102008000186.4 and DE 102008000185.6 are expressly
incorporated herein, especially also with regard to their sub-
stance groups, substances and contents thereof, with regard to
their examples and comparative examples and with regard to
the respective process conditions.

The compositions, processes and phosphate coats of DE
102005023023 Al and its corresponding applications from
the same patent family are also expressly incorporated in this
application.

The object existed of proposing a two-step coating process
which enables the most environmentally friendly coating pos-
sible to be formed on phosphatised metallic workpieces in a
simple manner and which, in some embodiments, if neces-
sary, is suitable for moderate and/or heavy cold-forming
operations. In a further object, the coating should if necessary
be simple to remove from the formed workpiece after cold
forming.

The object is achieved by a process for the preparation of
metallic workpieces for cold forming by first applying a phos-
phate layer and then by applying a lubricant layer with a
substantial content of organic polymeric material, in which
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the phosphate layer is formed with an aqueous acidic phos-
phatising solution with a substantial content of calcium, mag-
nesium and/or manganese as well as phosphate, and in which
the lubricant layer (=coating) is formed by contacting the
phosphatised surface with an aqueous lubricant composition
which has a content of organic polymeric material based on
ionomer and optionally organic polymeric material based on
ionomer and optionally also of non-ionomer, and wherein
predominantly monomers, oligomers, co-oligomers, poly-
mers and/or copolymers based on ionomer, acrylic acid/
methacrylic acid, epoxide, ethylene, polyamide, propylene,
styrene, urethane, their ester(s) and/or salt(s) are used as the
organic polymeric material and wherein at least one ionomer
and/or at least one non-ionomer is at least partly saponified
and/or is at least partly present in the lubricant composition
and/or in the coating as at least one organic salt.

The process according to the invention is especially used to
facilitate, improve and simplify the cold forming of metallic
shaped articles.

Before being phosphatised, the metallic workpieces are
often pickled, degreased, cleaned, rinsed, mechanically des-
caled e.g. by bending, ground, peeled, brushed, abrasive-
blasted and/or annealed.

The phosphatising solution is generally an aqueous solu-
tion. In individual embodiments it can be a suspension, e.g. if
it has a content of precipitation product and/or contains an
additive with an extremely fine particle size.

The concentrate, which is also a phosphatising solution and
can be used to prepare the phosphatising solution of the bath,
is in many cases more strongly enriched with the correspond-
ing substances than the corresponding bath composition (the
bath) by a factor in the range from 1.2 to 15, often by a factor
in the range from 2 to 8. The bath can be produced from the
concentrate by diluting with water and optionally also by
adding at least one other additive, such as e.g. sodium hydrox-
ide solution and/or chlorate, which are preferably added indi-
vidually only to the bath to adjust the phosphatising solution.

The phosphatising solution preferably contains no zinc or
its cation content contains less than 60 wt. % zinc cations,
particularly preferably less than 50, less than 40, less than 30,
less than 20, less than 10 or less than 5 wt. % zinc cations. In
some embodiments, the phosphatising solution substantially
contains only cations selected from calcium, magnesium and
manganese. Contents of other heavy metal cations should
then generally be less than 0.5 g/1, preferably less than 0.3 g/1
or even less than 0.1 g/1.

The higher the zinc content and/or the manganese content,
the more likely it is that the phosphatising solution can be
deposited electrolessly. The higher the content of calcium
and/or magnesium, the more it is recommended to carry out
electrolytic phosphatising. With an alkaline-earth content of
more than 80 wt. % of all cations in the phosphatising solu-
tion, phosphatising is preferably carried out electrolytically.

The phosphatising solution often has a small content of
iron ions, especially for coating workpieces made of iron or
steel, and/or of nickel ions—the latter especially where there
are zinc contents and preferably up to 0.8 g/l or up to 0.5 g/1.

The phosphatising solution according to the invention pref-
erably contains calcium, magnesium and/or manganese ions,
phosphoric acid and optionally also at least one other inor-
ganic and/or organic acid, such as e.g. nitric acid, acetic acid
and/or citric acid. The phosphatising solution preferably con-
tains 1 to 200 g/l of compounds of calcium, magnesium
and/or manganese, including their ions, calculated as cal-
cium, magnesium and manganese, which can especially be
present as ions, particularly preferably 2 to 150 g/1, especially
preferably 4 to 100 g/1, in particular 6 to 70 g/1, above all 10to
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40 g/l. In many embodiments, the phosphatising solution
contains phosphate and a) 5 to 65 g/l of Ca and 0 to 20 g/1 of
Mg and/or Mn or b) 5 to 50 g/l of Mg and 0 to 20 g/l of Ca
and/or Mn or ¢) 5 to 80 g/l of Mn and 0 to 20 g/1 of Ca and/or
Mg. The content of the first cation can in particular be in the
range from 12 to 40 g/l in a), b) or ¢). The content of the
second and third cation can in particular have a content of 1 to
12 g/1for the second cation and a content of 0 or 0.1 to 8 g/l for
the third cation in a), b) or ¢). If the content of calcium,
magnesium and manganese is too low, too small a phosphate
coat or even no phosphate coat may be formed. If the content
of calcium, magnesium and manganese is too high, the layer
quality of the phosphate coat can decline. In particular, pre-
cipitations may then occur in the bath.

In addition, the phosphatising solution can also contain
other alkaline-earth metals, such as e.g. strontium and/or
barium, but especially ions of alkali metals, such as e.g.
sodium, potassium and/or ammonium, particularly to adjust
the S value and to improve low-temperature stability.

The content of phosphate in the phosphatising solution,
calculated as PO, is preferably in the range from 2 to 500 g/1
as PO,, especially as phosphate ions, particularly preferably
in the range from 4 to 320 g/1, especially preferably in the
range from 8 to 200 g/1, in particular in the range from 12 to
120 g/1, above all in the range from 20 to 80 g/1. If the content
of'phosphate is too low, too small a phosphate coat or even no
phosphate coat may be formed. If the content of phosphate is
too high, this is not a problem or the layer quality of the
phosphate coat may decline. Under some conditions and with
too high a phosphate content, the phosphate coat may then
become sponge-like and porous, and precipitations may
occur in the bath. The phosphate content is preferably some-
what hyperstoichiometric in comparison with the cation con-
tent.

The nitrate content of the phosphatising solution is prefer-
ably 0 or close to 0 g/l or in the range from 1 to 600 g/l,
especially as nitrate ions, particularly preferably in the range
from 4 to 450 g/1, especially preferably in the range from 8 to
300 g/1, in particular in the range from 16 to 200 g/1, above all
in the range from 30 to 120 g/1. If the phosphatising solution
contains only a little or no nitrate, this is more favourable for
the waste water. A low or moderate content of nitrate can have
an accelerating effect on phosphatising and can therefore be
advantageous. Too low or too high a nitrate content in the
phosphatising solution does not have any significant effect on
phosphatising and on the quality of the phosphate coat. The
total cation content is preferably added in the form of
nitrate(s) and/or other water-soluble salts, so that it is unnec-
essary to add any complexing agent(s).

The phosphatising solution preferably contains as accel-
erator at least one substance selected from substances based
on chlorate, guanidine, hydroxylamine, nitrite, nitrobenzene
sulfonate, perborate, peroxide, peroxysulfuric acid and other
accelerators containing nitro groups. The content of accelera-
tors other than nitrate in the phosphatising solution, such as
e.g. those based on nitrobenzene sulfonate (e.g.
SNBS=sodium nitrobenzene sulfonate), chlorate, hydroxy-
lamine, nitrite, guanidine such as e.g. nitroguanidine, perbo-
rate, peroxide, peroxysulfuric acid and other accelerators
containing nitrogen is preferably zero, close to zero or in the
range from 0.1 to 100 g/1, as compounds and/or ions, calcu-
lated as the corresponding anion. The content of accelerators
other than nitrate in the phosphatising solution is preferably
in the range from 0.01 to 150 g/1, especially preferably in the
range from 0.1 to 100 g/1, in particular in the range from 0.3
to 70 g/l and above all in the range from 0.5 to 35 g/1.
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The content of compounds based on guanidine, such as e.g.
nitroguanidine, in the phosphatising solution is preferably
zero, close to zero or in the range from 0.1 to 10 g/1, calculated
as nitroguanidine, particularly preferably 0.2 to 8 g/, espe-
cially preferably in the range from 0.3 to 6 g/l and above all in
the range from 0.5 to 3 g/l. A guanidine compound such as
nitroguanidine can have a marked accelerating effect com-
pared with other accelerators and nitrate, based on their con-
tent, but does not release any oxygen in the process and often
leads to fine-grain and particularly strongly adhering phos-
phate coats. Furthermore, it can also contain an addition of at
least one other phosphorus-containing compound, especially
in each case at least one condensed phosphate, pyrophosphate
and/or phosphonate.

The phosphatising solution preferably has the following
contents: 4 to 100 g/1 of Ca, Mg and/or Mn, optionally a zinc
content of up to 60 wt. % of all cations, 0 or 0.01 to 40 g/l of
alkali metal(s) and/or NH,, 5 to 180 g/1 PO, 3 to 320 g/l of
nitrate and/or accelerator(s) and 0 or 0.01 to 80 g/l of com-
plexing agent(s).

The phosphatising solution particularly preferably has the
following contents: 5 to 60 g/l of Ca, Mg and/or Mn, option-
ally a zinc content ofup to 60 wt. % of all cations, O or 0.01 to
25 g/l of alkali metal(s) and/or NH,,, 8 to 100 g/l PO,,, 5t0 240
g/1 of nitrate and/or accelerator(s) and O or 0.01 to 50 g/l of
complexing agent(s).

The phosphatising solution especially preferably has the
following contents: 8 to 50 g/l of Ca, Mg and/or Mn, option-
ally a zinc content ofup to 60 wt. % of all cations, O or 0.01 to
20 g/1 of alkali metal(s) and/or NH,, 12 to 80 g/l PO,, 12 to
210 g/1 of nitrate and/or accelerator(s) and 0 or 0.01 to 40 g/l
of complexing agent(s).

In particular, the phosphatising solution has the following
contents: 10 to 40 g/l of Ca, Mg and/or Mn, optionally a zinc
content of up to 60 wt. % of all cations, 0 or 0.01 to 15 g/l of
alkali metal(s) and/or NH,, 16 to 65 g/l PO, 18 to 180 g/l of
nitrate and/or accelerator(s) and 0 or 0.01 to 32 g/l of com-
plexing agent(s).

The value of the total acid of a phosphatising solution is
preferably in the range from 30to 120 points, especially 70 to
100 points. The value of the Fischer total acid is preferably in
the range from 8 to 60 points, especially 35 to 55 points. The
value of the free acid is preferably 2 to 40 points, especially 4
to 20 points. The ratio of free acid to the value of the Fischer
total acid, i.e. the quotient of the contents of free and bound
phosphoric acid, calculated as P,Os, the so-called S value, is
preferably in the range from 0.15 to 0.6, particularly prefer-
ably in the range from 0.2 to 0.4.

To adjust the S value, e.g. an addition to the phosphatising
solution of at least one basic substance, such as e.g. NaOH,
KOH, an amine or ammonia, especially in the form of an
aqueous solution, can be used.

The points value of the total acid is determined here by
titrating 10 ml of the phosphatising solution after diluting
with water to about 50 ml, using phenolphthalein as indicator,
until the colour changes from colourless to red. The number
of ml 0f 0.1 N sodium hydroxide solution used for this gives
the points value of the total acid. Other indicators that are
suitable for the titration are thymolphthalein and ortho-
cresolphthalein.

The points value of the free acid of a phosphatising solution
is determined in a similar manner, using dimethyl yellow as
indicator and titrating until the colour changes from pink to
yellow.

The S value is defined as the ratio of free P,Oj to the total
content of P,O5 and can be determined as the ratio of the
points value of the free acid to the points value of the Fischer
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total acid. The Fischer total acid is determined by using the
titrated sample from titrating the free acid and adding 25 ml of
30% potassium oxalate solution and approx. 15 drops of
phenolphthalein thereto, setting the titrating apparatus to
zero, thereby subtracting the points value of the free acid, and
titrating until the colour changes from yellow to red. The
number of ml of 0.1 N sodium hydroxide solution used for
this purpose gives the points value of the Fischer total acid.

The application temperature of the phosphatising solution
is preferably around room temperature or especially in the
range from 10° C. to 95° C. A temperature range from 15 to
40° C. s particularly preferred. In electrolytic phosphatising,
the application temperature of the phosphatising solution is
preferably in the range from 10to 60° C., especially 15 to 40°
C.

The treatment period—possibly for each product section of
a long product in continuous processes—is preferably 0.1 to
180 s, particularly preferably 1 to 20 or 2 to 10 s especially for
wires or 5 to 100 s for workpieces with a larger surface area
compared with a wire, such as e.g. for slugs and/or rods. In
continuous plants, the treatment period can particularly
advantageously be in the range from 0.5 to 10 s, especially 1
to 5 s. In some embodiments, the adhesion to the metallic
substrate of the phosphate layer produced electrolytically in
continuous plants decreases a little if the treatment period is
less than 1 s and/or more than 10 s. The phosphate layers
deposited in continuous plants here were formed in such a
way that the adhesion of the polymeric organic coating
according to the invention to the phosphate layer was largely
independent of the treatment period in electrolytic phos-
phatising: by varying the treatment period from 1 to 10 s, no
differences in quality were shown. For large workpieces,
especially for long or continuous ones, contacting via a “bed
of nails”, on which the workpiece can be supported on indi-
vidual points while being electrically contacted, is suitable.
For dipping, especially of relatively large and/or relatively
long metallic workpieces, the treatment period can often be
0.5 to 12 min, especially 5 to 10 min.

The magnitude of the current depends on the size of the
metallic surface(s) to be coated and is often in the range from
100 to 1000 A, e.g. for each individual wire in a continuous
plant, and often in the range from 0.1 to 100 A for each
individual slug or rod, i.e. usually in the range from 1 to 1000
A per component.

The voltage is obtained automatically from the applied
current magnitude or current density. The current density
is—largely independently of the proportions of direct current
and/or alternating current—preferably in the range of 1 and
200 A/dm?, particularly preferably in the range from 5 to 150,
8t0 120, 10 to 100, 12 to 80, 14 to 60, 16 to 40, 18 to 30 or 20
to 25 A/dm?>. The voltage is often—depending especially on
the size of the plant and the nature of the contacts—in the
range from 0.1 to 50V, especially in the range from 1 to 40V,
2.51t0 30, 5 t0 20 or 7 to 12 V. The coating periods in electro-
Iytic phosphatising can especially be in the range from 0.1 to
60,0.5t050,11040,21t030,3t025,41t020,5t0 150r8to
12s.

Surprisingly, it has been found that it can be particularly
advantageous for increasing production to work with short or
particularly short coating periods if the current density and
the voltage are selected to be correspondingly higher. It is
entirely possible in this case to work with periods 0f 0.2 to 2
s. Coat results have been obtained that are substantially
equally as good as when working with lower current densities
and with lower voltages for somewhat longer coating periods.
With somewhat higher contents of zinc in the phosphatising
solution, however, it must be ensured that no metallic zinc is
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deposited at high current densities and high voltages. The
higher the zinc content, the current density and the voltage,
the higher the probability that metallic zinc will also be
deposited at the same time, which is generally a problem in
cold forming.

As current for electrolytic phosphatising, a direct current or
an alternating current or a superposition of a direct current
and an alternating current can be used for this purpose. It is
preferable to work with direct current or with a superposition
of direct current and alternating current during electrolytic
phosphatising. The direct current can preferably have an
amplitude (=current density) in the range of 1 and 200 A/dm?,
particularly preferably in the range from 5 to 150, 8 to 120, 10
to 100, 12 to 80, 14 to 60, 16 to 40, 18 to 30 or 20 to 25 A/dm?.
The alternating current can preferably have a frequency in the
range from 0.1 to 100 Hz, particularly preferably in the range
from 0.5 to 10 Hz. The alternating current can preferably have
an amplitude in the range from 0.5 to 30 A/dm?, particularly
preferably in the range from 1 to 20 A/dm?, especially pref-
erably in the range from 1.5 to 15 A/dm?, in particular in the
range from 2 to 8 A/dm?.

With a superposition of direct current and alternating cur-
rent, the electrical conditions just mentioned can be com-
bined. With a superposition of direct current and alternating
current, the ratio of direct current proportion to alternating
current proportion can be varied within broad limits, like the
previously mentioned electrical conditions. The ratio of
direct current proportion to alternating current proportion is
preferably kept in the range from 20:1 to 1:10, particularly
preferably in the range from 12:1 to 1:4, especially preferably
in the range from 8:1 to 1:2, above all in the range from 6:1 to
1:1, based on the proportions measured in A/dm?.

The substrate to be coated is connected as the cathode here.
However, if the substrate to be coated is connected as anode
there may be only a pickling effect but no clearly discernible
coating may be formed.

Under a scanning electron microscope the phosphate coats
produced according to the invention often exhibit not the
typical crystal shapes—unlike chemically comparable phos-
phate coats deposited electrolessly—but on the one hand
particle-like structures, which are often open in the centre like
short sections of tube and so appear as if they had been formed
around a fine hydrogen bubble. These structures often have an
average particle size in the range from 1 to 8 um. The hydro-
gen bubbles have successfully been allowed to become finer
by adding a specific accelerator, such as e.g. nitroguanidine,
and on the other hand have been avoided altogether by adding
a reducing agent, e.g. one based on an inorganic or organic
acid, the salts and/or esters thereof, so that the phosphate
coats do not appear very particulate. It is particularly prefer-
able to add to the phosphatising solution a reducing agent,
preferably in the range from 0.1 to 15 g/, which does not form
any sparingly soluble compounds with calcium, magnesium
and/or manganese in the pH range of between 1 and 3, in order
to influence the morphology of the phosphate coat, especially
to homogenise it. In phosphate coats with a lack of homoge-
neity, which are inadequately closed, clear differences in the
formation of the phosphate coat in different areas of the
sample can be seen in some cases. Thus, all phosphate coats
according to the invention differ significantly from phosphate
coats deposited electrolessly.

As the main component of the calcium-rich, electrolyti-
cally deposited phosphate coats, brushite CaHPO,, but sur-
prisingly not a tricalcium phosphate, was detected by radiog-
raphy. In the tests, similar calcium-rich phosphatising
solutions gave no coat at all electrolessly. The main compo-
nent of the magnesium-rich, electrolytically produced phos-
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phate coats appears to be X-ray amorphous, unlike phosphate
coatings deposited electrolessly. The main component of the
manganese-rich electrolytically produced phosphate coats
appears to be present as MnHPO,.3H,0.

The coat weights of the phosphate coats for a wire are
preferably in the range of 1 and 25 g/m?, especially in the
range from 2 to 15 or from 3 to 10 g/m* and, for a substrate
with a larger surface area compared with a wire, in the range
of 2 and 60 g/m®. In electrolytic phosphatising, the coat
weight is obtained as a function of the current density and the
treatment period. The phosphate coat often has a thickness in
the range from 0.5 to 40 um, frequently in the range from 1 to
30 um.

Liquid lubricants or lubricant compositions can be applied
to the workpieces e.g. by dipping in a bath. Powdered or pasty
lubricants or lubricant compositions are preferably placed in
a drawing die gear, through which e.g. a wire can be drawn
and thus coated.

In some embodiments, the phosphatising solution is pref-
erably free from or substantially free from borate or, in addi-
tion to a comparatively small borate content, also has a com-
paratively high phosphate content. A phosphatising solution
containing alkaline-earth metal is preferably free from fluo-
ride and from complex fluoride.

The term “lubricant composition” characterises the stages
from the aqueous via the drying to the dry lubricant compo-
sition as a chemical composition, phase-related composition
and mass-related composition, while the term “coating”
denotes the dry, heated, softening and/or melting coat which
is formed and/or was formed from the lubricant composition,
including its chemical composition, phase-related composi-
tion and mass-related composition. The aqueous lubricant
composition can be a dispersion or solution, especially a
solution, colloidal solution, emulsion and/or suspension. It
generally has a pH in the range from 7 to 14, especially from
7.51012.5, or from 8 to 11.5, particularly preferably from 8.5
to 10.5 or from 9 to 10.

The lubricant composition and/or the coating formed
therefrom preferably has/have a content of at least one water-
soluble, water-containing and/or water-binding oxide and/or
silicate as well as a content of at least one ionomer, at least one
non-ionomer and/or at least one wax as well as, optionally, a
content of at least one additive. Particularly preferably, in
some embodiments it additionally has at least one content in
each case of acrylic acid/methacrylic acid and/or styrene,
especially as (a) polymer(s) and/or as (a) copolymer(s) which
is/are not (an) ionomer(s). The lubricant composition and/or
the coating formed therefrom each preferably has/have a con-
tent of at least 5 wt. % in each case of at least one ionomer
and/or non-ionomer.

The organic polymeric material preferably consists sub-
stantially of monomers, oligomers, co-oligomers, polymers
and/or copolymers based on ionomer, acrylic acid/meth-
acrylic acid, epoxide, ethylene, polyamine, propylene, sty-
rene, urethane, the ester(s) and/or salt(s) thereof. The term
“ionomer” here includes a content of free and/or associated
ions.

Oxides and/or Silicates:

Surprisingly, it has been found that even with a very small
addition of water-soluble, water-containing and/or water-
binding oxide and/or silicate, such as e.g. water glass, to a
substantially organic polymeric composition, in many
embodiments a marked improvement in cold forming is
achieved under otherwise identical conditions and more
severe cold forming can be carried out than with comparable
lubricant compositions that are free from these compounds.
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On the other hand, it has been shown that even workpieces
with a coating having a very high content of water-soluble,
water-containing and/or water-binding oxide and/or silicate
in an otherwise substantially organic polymeric composition
can also be formed very advantageously. For some embodi-
ments, an optimum has been established which is more in the
lower and/or medium composition range.

In tests over a relatively broad product range it has been
found that, with the lubricant compositions and/or coatings
with a content of water-soluble, water-containing and/or
water-binding oxide and/or silicate, such as e.g. water glass,
it is possible, to a much greater extent than previously, to
dispense with an additional solid lubricant layer based on
sulfidic lubricant, e.g. made of molybdenum disulfide, on the
one hand and with a third coat based on sulfidic solid lubricant
on the other hand. In the first case, this solid lubricant layer is
the second coat and, in the second case, the third coat, which
follows a zinc phosphate layer as the first coat. The possibility
ofpartially dispensing with the use of solid lubricant not only
represents a perceptible saving in terms of labour and costs
and a simplification, but also saves at least one expensive,
environmentally unfriendly substance which causes marked
blackening and is problematic with regard to contamination
and corrosion sensitivity.

While, in the past, this product range would have been
coated with soap for approx. 60% of the product range and,
for the remaining approx. 40% of the product range, with
molybdenum disulfide and optionally with graphite as a sec-
ond layer in each case after a zinc phosphate layer, this prod-
uct range would today be more likely to be coated first with a
zinc phosphate layer, then with a conventional organic poly-
meric lubricant composition and optionally additionally, if
required, with a third coat based on sulfidic solid lubricant
and optionally additionally on graphite. Sulfidic solid lubri-
cant was needed for all moderately heavy and heavy cold-
forming operations. Since the soap layer did not enable pre-
cise cold-forming operations to be carried out—i.e. no high
pressing accuracies of the formed workpieces—the organic
polymeric lubricant composition, which is significantly supe-
rior to the soap coat, had been introduced in individual cases
despite the higher costs. However, it was free from water-
soluble, water-containing and/or water-binding oxides and/or
silicates. In this process sequence, the additional third coat
would be necessary for about 40% of the product range. If a
zinc phosphate layer is used as the first coat and the lubricant
composition according to the invention as the second coat, an
additional third coat based on sulfidic solid lubricant is now
only necessary for 12 to 20% of the product range.

The water-soluble, water-containing and/or water-binding
oxide and/or silicate can preferably be in each case at least
one water glass, silica gel, silica sol, silica hydrosol, silicic
acid ester, ethyl silicate and/or in each case at least one of the
precipitation products, hydrolysis products, condensation
products and/or reaction products thereof, especially a
lithium-, sodium- and/or potassium-containing water glass. A
content of water in the range from 5 to 85 wt. %, based on the
solids content, is preferably bound and/or coupled to the
water-soluble, water-containing and/or water-binding oxide
and/or silicate, preferably in the range from 10 to 75, from 15
to 70, from 20 to 65, from 30 to 60 or from 40 to 50 wt. %, the
typical water content being able to exhibit distinctly different
water contents depending on the nature of the oxide and/or
silicate. The water can be bound and/or coupled to the solid
e.g. on the basis of solubility, adsorption, wetting, chemical
bonding, porosity, complex particle shape, complex aggre-
gate shape and/or intermediate layers. These substances
bound and/or coupled to water obviously act in a similar way
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to a lubricating layer in the lubricant composition and/or in
the coating. It is also possible to use a mixture of two or of at
least three substances from this group. In addition to or
instead of sodium and/or potassium, other cations can be
contained, especially ammonium ions, alkali ions other than
sodium and/or potassium ions, alkaline-earth ions and/or
transition-metal ions. The ions can be or can have been at least
partly substituted. The water in the water-soluble, water-con-
taining and/or water-binding oxide and/or silicate can be
present at least partly in each case as water of crystallisation,
as a solvent, adsorbed, bound to a pore space, in a dispersion,
in an emulsion, in a gel and/or in a sol. At least one water glass
is particularly preferred, especially a sodium-containing
water glass. Alternatively or in addition, there can also be a
content of at least one oxide, e.g. of at least one silicon dioxide
and/or magnesium oxide in each case and/or of at least one
silicate in each case, e.g. of at least one sheet silicate, modi-
fied silicate and/or alkaline-earth silicate in each case. Pref-
erably this at least one oxide and/or silicate in each case is
present in dissolved form, in nanocrystalline form, as a gel
and/or as a sol. A solution can optionally also be present as a
colloidal solution. Where the water-soluble, water-containing
and/or water-binding oxide and/or silicate is present in par-
ticulate form, it is preferably present as very fine particles,
especially with an average particle size of less than 0.5 pm,
less than 0.1 or even less than 0.03 um, determined in each
case using a laser particle measuring device and/or nanopar-
ticle measuring device.

The water-soluble, water-containing and/or water-binding
oxides and/or silicates help to increase the viscosity of the
dried, softening and melting coating in many embodiments
and often act as a binder, a water repellent and an anti-
corrosion agent. It has been shown that, among the water-
soluble, water-containing and/or water-binding oxides and/or
silicates, water glass behaves particularly favourably. By add-
ing, for example, 2 to 5 wt. % water glass—based on solids
and active substances—to the aqueous lubricant composition,
the viscosity of the dried, softening and melting coating is
significantly increased in many embodiments, especially at
temperatures of more than 230° C., compared with a lubricant
composition on the same chemical basis but without the addi-
tion of water glass. As a result, higher mechanical stress
becomes possible during cold forming. As a result, it has also
become possible for the first time to use cold extrusion for
many compositions and applications, which would not be
possible without this addition. Tool wear and the number of
tool changeovers can be drastically reduced by this. The
manufacturing costs are also significantly reduced as a result.

It has been shown that the tool becomes cleaner and
brighter as the proportion of water glass in the lubricant
composition increases, with otherwise identical working con-
ditions and basic composition. On the other hand, it was also
possible to increase the content of water glass in the lubricant
composition to up to about 85 wt. % of the solids and active
substances and still achieve good to very good results. With
contents of more than 80 wt. % of the solids and active
substances, wear increases significantly. An optimum obvi-
ously lies somewhere in the lower and/or medium content
range, since, with very high contents, tool wear also increases
again slowly. With an addition based on titanium dioxide or
titanium oxide sulfate, somewhat more marked wear than
with a water glass addition was found although, in principle,
the addition has proved useful. A disilicate addition has also
been shown to be advantageous.

The content of water-soluble, water-containing and/or
water-binding oxides and/or silicates in the lubricant compo-
sition and/or in the coating formed therefrom is preferably 0.1
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to 85, 0.3 to 80 or 0.5 to 75 wt. % of the solids and active
substances, particularly preferably 1 to 72, 5 to 70, 10 to 68,
15 to 65, 20 to 62, 25 to 60, 30 to 58, 35 to 55 or 40 to 52
wt. % of the solids and active substances, determined without
the water content bound and/or coupled thereto. The weight
ratio of the contents of water-soluble, water-containing and/
or water-binding oxides and/or silicates to the content of
ionomer(s) and/or non-ionomer(s) in the lubricant composi-
tion and/or in the coating is preferably in the range from
0.001:1 to 0.2:1, particularly preferably in the range from
0.003:1 to 0.15:1, from 0.006:1 to 0.1:1 or from 0.01:1 to
0.02:1.

Ionomers:

The ionomers represent a particular type of polyelectro-
lytes. They preferably consist substantially of ionomeric
copolymers, optionally together with corresponding ions,
monomers, comonomers, oligomers, co-oligomers, poly-
mers, their esters and/or salts. Block copolymers and graft
copolymers are regarded as a subgroup of the copolymers.
The ionomers are preferably compounds based on acrylic
acid/methacrylic acid, ethylene, propylene, styrene, their
ester(s) and/or salt(s) or mixtures with at least one of these
ionomeric compounds. The lubricant composition and/or the
coating formed therefrom can have either no content of iono-
mer, or a content of at least one ionomer in the range from 3
to 98 wt. % of'the solids and active substances. The content of
at least one ionomer is preferably from 5 to 95, 10 to 90, 15 to
85,2010 80, 25to 75,30 to 70, 35 to 65, 40 to 60 or 45 to 55
wt. % of the solids and active substances in the lubricant
composition and/or the coating formed therefrom. Depend-
ing on the desired property spectrum and on the application of
certain workpieces to be formed and cold-forming opera-
tions, the composition of the lubricant composition and/or the
coating formed therefrom can be differently oriented and can
vary greatly.

The lubricant composition and/or the coating produced
therefrom can preferably contain at least one ionomer with a
substantial content of at least one copolymer, particularly of a
copolymer based on polyacrylate, polymethacrylate, poly-
ethylene and/or polypropylene. An ionomer optionally has a
glass transition temperature T, in the range from -30° C. to
+40° C., preferably in the range from -20 to +20° C. The
molecular weight of the ionomer is preferably in the range
from 2 000to 15 000, particularly preferably in the range from
3000 to 12 000 or from 4 000 to 10 000. Particularly prefer-
ably, the lubricant composition and/or the coating formed
therefrom contain(s) at least one ionomer based on ethylene
acrylate and/or ethylene methacrylate, preferably one with a
molecular weight in the range from 3 500 to 10 500—par-
ticularly preferably in the range from 5 000 to 9 500—and/or
with a glass transition temperature T in the range from -20°
C. to +30° C. In at least one ionomer based on ecthylene
acrylate and/or ethylene methacrylate, the acrylate content
can be up to about 25 wt. %. A somewhat higher molecular
weight may be advantageous for coatings that are able to
withstand greater stress, as there have been indications of
tendencies that a higher molecular weight of the ionomer and
that a higher viscosity of the composition in the temperature
range from about 100° C. up to the order of magnitude of
approx. 300, 350 or 400° C. have an advantageous effect on
the ability of the coatings produced therewith to withstand
mechanical stress, permitting heavier cold-forming opera-
tions. Especially during drying and/or cold forming, a
crosslinking of the ionomer, e.g. with, in each case, at least
one amine, carbonate, epoxide, hydroxide, oxide, surfactant
and/or with at least one compound containing carboxyl
groups can optionally take place. The higher the proportion of
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the ionomer in the lubricant composition and/or in the coat-
ing, the heavier the cold-forming operations possible in many
embodiments. Some ionomer additions are also used to guar-
antee lubrication and reduce friction even in the initial stage
of cold forming, especially with a cold workpiece and a cold
tool. This is all the more important the simpler and/or weaker
the cold forming and the lower the forming temperature.

The melting point of the at least one ionomer is preferably
in the range from 30 to 85° C. in many embodiments. Its glass
transition temperature is preferably less than 35° C. At least
one ionomer is preferably added as a dispersion.
Non-ionomers:

In addition, other organic polymeric components may be
contained in the lubricant composition and/or in the coating
formed therefrom, especially in the polymeric organic mate-
rial, such as e.g. oligomers, polymers and/or copolymers
based on acrylic acid/methacrylic acid, amide, amine, ara-
mid, epoxide, ethylene, imide, polyester, propylene, styrene,
urethane, their ester(s) and/or salt(s), which cannot be
regarded as ionomers (=‘non-ionomers”). These also
include, for example, polymers/copolymers based on acrylic
acid, acrylic acid esters, methacrylic acid, methacrylic acid
esters, fully aromatic polyamides, fully aromatic polyesters,
fully aromatic polyimides and/or styrene acrylates. Block
copolymers and graft copolymers are regarded as a subgroup
of the copolymers.

Depending on the embodiment, they are used to increase
viscosity at elevated temperature, as lubricants, as high-tem-
perature lubricants, to raise the viscosity especially in the
temperature range from 100 to 250, from 100 to 325 or even
from 100 to 400° C., as high-temperature-resistant sub-
stances, as substances with wax-like properties, as thickeners
(=viscosity regulators), as additives, to achieve additional
softening ranges/softening points and/or melting ranges/
melting points and/or to formulate the lubricant composition
with several softening ranges/softening points and/or melting
ranges/melting points in certain temperature intervals.
Among other things, some acrylic-containing polymers/co-
polymers and some styrene acrylates can act as thickeners.

Polyethylene or polypropylene can preferably be modified
by propylene, ethylene, the corresponding polymers thereof
and/or by other additives such as acrylate. They can prefer-
ably exhibit wax-like properties. They can preferably exhibit
atleast one softening range/softening point and/or at least one
melting range/melting point in the range from 80 to 250° C.

The polymers and/or copolymers of these substances pref-
erably have a molecular weight in the range from 1 000 to 500
000. Individual substances preferably have a molecular
weight in the range from 1 000 to 30 000, others have one in
the range from 25 000 to 180 000 and/or in the range from 150
000 to 350 000. Particularly high molecular weight sub-
stances can be used as thickeners. An acrylic and/or a styrene
acrylate addition can also have a thickening action. In some
embodiments, one, two, three, four or five different non-
ionomers are or have been added to the ionomer-containing
Iubricant composition and/or to the coating. The lubricant
composition and/or the coating formed therefrom preferably
has/have no content of non-ionomer, or has/have a content of
at least one non-ionomer in the range from 0.1 to 90 wt. % of
the solids and active substances. Particularly preferably, the
content of the at least one non-ionomer is 0.5 to 80, 1 to 65, 3
to 50, 5to 40, 8 to 30, 12 to 25 or 15 to 20 wt. % of the solids
and active substances of the lubricant composition or of the
coating.

Both the individual or the pre-mixed ionomers and the
individual or the pre-mixed non-ionomers can be added to the
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aqueous lubricant composition in each case, independently of
one another, as a solution, colloidal solution, dispersion and/
or emulsion.

Particularly preferably, the lubricant composition contains
the following as non-ionomers, which are not waxes within
the meaning of this application:

a) 0.1 to 50 wt. % and especially 5 to 30 wt. % substantially
of' wax-like polyethylene and/or of wax-like polypropy-
lene, in each case with at least one softening range/
softening point and/or melting range/melting point
above 120° C.,

b) 0.1 to 16 wt. % and especially 3 to 8 wt. % substantially
of polyacrylate with a molecular weight in the range
from 4 000 to 1 500 000—particularly preferably in the
range from 400 000 to 1 200 000—and/or

¢) 0.1 to 18 wt. % and especially 2 to 8 wt. % polymer/
copolymer based on styrene, acrylic acid and/or meth-
acrylic acid with a molecular weight in the range from
120 000 to 400 000 and/or with a glass transition tem-
perature T, in the range from 30 to 80° C.

The ionomers and/or non-ionomers can be present at least
partly, especially the acrylic acid components of the polymers
according to b) and c¢), preferably under application condi-
tions partly, especially mainly or completely, as salts of inor-
ganic and/or organic cations. Where non-ionomer is also con-
tained in the lubricant composition, the weight ratio of the
contents of ionomer(s) to non-ionomer(s) is preferably in the
range from 1:3 to 50:1, particularly preferably in the range
from1:1t035:1, from2:1t025:1, from4:1to 18:1 or from 8:1
to 12:1.

The lubricant composition and/or the coating produced
therewith has/have a total content of at least one ionomer
and/or non-ionomer preferably of zero or in the range from 3
to 99 wt. % of the solids and active substances in each case.
This content is particularly preferably 10to 97,20 to 94, 25 to
90,30 to 85, 35 to 80, 40 to 75, 45 to 70, 50 to 65 or 55 to 60
wt. % of the solids and active substances of the lubricant
composition and/or of the coating. Thickeners based on non-
ionomers are included herein. Depending on the planned
application conditions and cold-forming operations and
depending on the formulation of the lubricant composition
and/or of the coating, the content of ionomer(s) and/or non-
ionomer(s) can vary within broad limits. At least a content of
at least one ionomer is particularly preferred.

The entire organic polymeric material—this term is
intended to include ionomer(s) and/or non-ionomer(s) but not
waxes—preferably has an average acid value in the range
from 20 to 300, particularly preferably in the range from 30 to
250, from 40 to 200, from 50 to 160 or from 60 to 100. The
term “the entire organic polymeric material” is intended to
include ionomer(s) and/or non-ionomer(s) but not waxes.
Neutralising Agents:

It is particularly advantageous if at least one ionomer and/
or at least one non-ionomer is/are at least partly neutralised, at
least partly saponified and/or is/are at least partly present in
the lubricant composition and/or in the coating as at least one
organic salt. The term “neutralisation” here means the at least
partial reaction of at least one organic polymeric substance
with a content of carboxyl groups, i.e. in particular of at least
one ionomer and/or at least one non-ionomer, with a basic
compound (=neutralising agent) in order to form, at least
partly, an organic salt (salt formation). Where at least one
ester is also reacted here, it is possible to speak of saponifi-
cation. For the neutralisation of the lubricant composition,
preferably at least one primary, secondary and/or tertiary
amine, ammonia and/or at least one hydroxide—for example
ammonium hydroxide, at least one alkali hydroxide such as
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e.g. lithium, sodium and/or potassium hydroxide and/or at
least one alkaline-earth hydroxide—is used in each case as
neutralising agent. Particularly preferred is an addition of at
least one alkylamine, of at least one amino alcohol and/or of
atleast one related amine, such as e.g. in each case at least one
alkanolamine, aminoethanol, aminopropanol, diglycola-
mine, ethanolamine, ethylenediamine, monoethanolamine,
diethanolamine and/or triethanolamine, especially dimethyl-
ethanolamine, 1-(dimethylamino)-2-propanol and/or
2-amino-2-methyl-1-propanol (AMP). The at least one
organic salt, especially at least one salt of inorganic and/or
organic cations, such as ammonium ions, can be formed for
example by adding at least one neutralising agent to at least
one ionomer and/or to at least one non-ionomer and/or to a
mixture containing at least one of these polymeric organic
materials and optionally at least one other component, such as
e.g. at least one wax and/or at least one additive. The salt
formation can take place before and/or during the production
of the lubricant composition and/or in the lubricant compo-
sition. The neutralising agent, especially at least one amino
alcohol, often forms corresponding salts in the temperature
range from room temperature to about 100° C., especially at
temperatures in the range from 40 to 95° C., with at least one
ionomer and/or with at least one non-ionomer. It is assumed
that in some embodiments, especially at least one amino
alcohol, the neutralising agent can react chemically with the
water-soluble, water-containing and/or water-binding oxide
and/or silicate, thus forming a reaction product which
behaves advantageously for cold forming.

In several variants, it has proved advantageous to add at
least one amine, especially at least one amino alcohol, to an
individual ionomer, an individual non-ionomer, a mixture
containing at least one ionomer and/or a mixture containing at
least one non-ionomer in advance in the production of the
aqueous lubricant composition. The prior addition is often
advantageous to permit the reactions that form organic salts.
The amines generally react with any organic polymeric mate-
rial that contains carboxyl groups, provided the temperatures
are sufficiently high for the reactions. These reactions pref-
erably take place at around or above the temperatures of the
melting point/melting range of the corresponding polymeric
compounds. If the temperature remains below the melting
point/melting range of the corresponding polymeric com-
pounds, there will often be no reaction to form an organic salt.
This will then be unable to facilitate the cleaning of the
formed workpiece. As alternatives, the only possibilities then
remaining are to react the corresponding polymeric com-
pounds separately and expensively under high pressure and at
elevated temperature and/or to add to the lubricant composi-
tion substances that have already been reacted in this manner.
Aqueous lubricant compositions with an addition of ammo-
nia should preferably not be heated above 30° C. Aqueous
lubricant compositions with an addition of at least one amine
are preferably kept in a temperature range of 60 to 95° C. in
which many reactions to form amine salts take place.

The addition of at least one neutralising agent, such as e.g.
at least one amine and/or at least one amino alcohol, helps to
make the organic polymeric material more readily water-
soluble and/or more readily water-dispersible. The reactions
to form corresponding salts preferably take place with water-
soluble and/or water-dispersible organic polymeric materials.
It is particularly preferred for the at least one neutralising
agent, especially at least one amine, to be added to the aque-
ous lubricant composition at an early stage during the mixing
of the various components, as a result of which at least one
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organic polymeric material already contained and/or at least
one organic polymeric material subsequently added is possi-
bly at least partly neutralised.

Preferably, the neutralising agent is added in excess and/or
is contained in the lubricant composition and/or in the coating
in excess.

The at least one neutralising agent, especially the at least
one amino alcohol, can also be used here to adjust the pH of
a mixture or of the aqueous lubricant composition.

The organic salts have the advantage over the ionomers
and/or over the non-ionomers that they are often more readily
water-soluble and/or more readily water-dispersible than the
corresponding ionomers and/or non-ionomers. As a result,
the coatings and deposits from cold forming can generally be
removed from the formed workpiece more readily. With the
organic salts, lower softening ranges/softening points and/or
lower melting ranges/melting points are frequently obtained,
which is often advantageous. Better lubricating properties
may also be obtained for the desired processing conditions.

As organic salts, amine salts and/or organic ammonium
salts are particularly preferred. Amine salts are especially
preferred since, after the application of the aqueous lubricant
composition, these do not modity the composition thereof to
any great extent and they exhibit relatively high water-solu-
bility and/or water-dispersibility and therefore contribute to
the comparatively easy removal of the coat and deposits from
the formed workpiece after cold forming. With the organic
ammonium salts, on the other hand, after application of the
lubricant composition ammonia rapidly escapes, which not
only may represent an unpleasant odour but also causes a
back reaction of the ammonium salts to the original organic
polymeric substances, which are then more difficult to
remove than the amine salts at a later stage. Coatings are
thereby obtained which have very good chemical and water
resistance. When hydroxide(s) is/are used as neutralising
agent, very hard and brittle, but water-sensitive, coatings are
often obtained.

The content of the at least one neutralising agent, espe-
cially also of the at least one amino alcohol, in the lubricant
composition can—especially depending on the acid value of
the ionomer or non-ionomer—preferably be zero at the
beginning of the neutralisation reaction or in the range from
0.05t0 15, from 0.2 to 12, from 0.5 to 10, from 0.8 to 8, from
1to 6, from 1.5 to 4 or from 2 to 3 wt. % of the solids and
active substances. Higher contents may be advantageous in
some embodiments, especially with an addition of at least one
amine, whereas with an addition of ammonia and/or at least
one hydroxide in most embodiments rather lower contents are
selected. The weight ratio of the contents of neutralising
agent(s), especially also of amino alcohol(s), to contents of
ionomer(s) and/or non-ionomer(s) and/or to the total content
of organic polymeric material is preferably in the range from
0.001:1 to 0.2:1, particularly preferably in the range from
0.003:1 to 0.15:1, from 0.006:1 to 0.1:1 or from 0.01:1 to
0.05:1.

The lubricant composition according to the invention and/
or the coating formed therefrom preferably has/have no con-
tent of organic salt, or a content of at least one organic salt,
which was preferably formed by neutralisation, in the range
from 0.1 to 95 or 1 to 90 wt. % of the solids and active
substances. The content of at least one salt is preferably 3 to
85, 810 80, 12to 75, 20 to 70, 25 to 65, 30 to 60, 35 to 55 or
40 to 50 wt. % of the solids and active substances of the
lubricant composition. The weight ratio of the contents of at
least one organic salt to contents of ionomer(s) and/or non-
ionomer(s) in the lubricant composition and/or in the coating
is preferably in the range from 0.01:1 to 100:1, particularly
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preferably in the range from 0.1:1 to 95:1, from 1:1 to 90:1,
from 2:1 to 80:1, from 3:1 to 60:1, from 5:1 to 40:1 or from 8:1
to 20:1.
Waxes:

According to the definition used in this application, a wax
is intended to mean a compound which has a defined melting
point, which has a very low viscosity in the molten state and
which is able to occur in crystalline form. A wax typically has
no, or no substantial, content of carboxyl groups, is hydro-
phobic and is to a great extent chemically inert.

The lubricant composition and/or the coating formed
therefrom can preferably contain at least one wax, especially
in each case at least one paraffin wax, carnauba wax, silicone
wax, amide wax, ethylene- and/or propylene-based wax and/
or crystalline wax. In particular, it can be used to increase the
surface slip and/or penetration properties of the coating that
forms and/or has formed, for the separation of workpiece and
tool and to reduce friction. Preferably, no wax or a content of
at least one wax in the range from 0.05 to 60 wt. % of the
solids and active substances is contained in the lubricant
composition and/or in the coating, particularly preferably and
especially depending on the conditions of use and overall
chemical composition for example in the range from 0.5 to
52,11040,2t035,3t030,41025,5t020,6t015,7t0 120r
8 to 10 wt. % of the solids and active substances. The content
of the individual wax is preferably in the range from 0.05 to
36 wt. % of the solids and active substances in the lubricant
composition and/or in the coating in each case, particularly
preferably in the range from 0.5 t0 30, 1 to 25,2 t0 20,3 t0 16,
4to 12, 5to 10 or 6 to 8 wt. % of the solids and active
substances.

At least one wax can preferably have an average particle
size in the range from 0.01 to 15 pum, particularly preferably in
the range from 0.03 to 8 pm or 0.1 to 4 pm. With these particle
sizes, it can be advantageous in many embodiments if the wax
particles project at least partly from the coating formed.

The addition of at least one wax can be omitted, especially
if the cold forming is not too heavy and/or if a relatively high
content of ionomer, of wax-like substance and/or of water-
soluble, water-containing and/or water-binding oxide and/or
silicate is contained. Only for heavy cold extrusion with lubri-
cant compositions having a very high ionomer content can an
addition of wax be omitted. In most embodiments, however,
an addition of at least one wax is advantageous. The at least
partly softened or at least partly melting coating can attach to
the workpiece to be formed during cold forming and can form
a separating film between workpiece and tool. As a result of
this, for example ridges in the workpiece can be avoided.

The weight ratio of the contents of at least one wax to the
total content of ionomer(s) and/or non-ionomer(s) in the
lubricant composition and/or in the coating formed therefrom
is preferably in the range from 0.01:1 to 8:1, particularly
preferably in the range from 0.08:1 to 5:1, from 0.2:1 to 3:1,
from 0.3:1 to 2:1, from 0.4:1 to 1.5:1, from 0.5:1 to 1:1 or
from 0.6:11t0 0.8:1. As a result of this, different content ranges
can be particularly advantageous: in some cases very low, and
in other cases very high contents. A comparatively very high
wax content is recommended for slide drawing, deep drawing
and light to moderately heavy cold massive forming opera-
tions. A comparatively low wax content has proved adequate
for heavy cold extrusion or difficult slide drawing operations,
such as e.g. of solid parts and of particularly thick wire.

Particularly preferred is a content of two, three, four or
more than four different waxes, especially those that have
distinctly different melting ranges/melting points and/or vis-
cosities. It is preferred in this case that the lubricant compo-
sition and/or the coating formed therefrom has several con-
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secutive softening ranges/softening points and/or melting
ranges/melting points over a relatively large temperature
range, which is passed through when the metallic workpiece
heats up as a result of cold forming, especially so that there is
a substantially continuous change in the thermal and/or
mechanical properties and/or the viscosity of the lubricant
composition and/or of the softening and/or melting coating.

The waxes in the lubricant composition and/or in the coat-
ing formed therefrom often have at least one melting range/
melting point in the range from 50 to 120° C. (e.g. paraffin
waxes), from 80 to 90° C. (e.g. carnauba waxes), from 75 to
200° C. (e.g. amide waxes), from 90 to 145° C. (e.g. polyeth-
ylene waxes) or from 130 to 165° C. (e.g. polypropylene
waxes). Low-melting waxes can also be used in the initial
stage of cold forming, especially with a cold workpiece and a
cold tool, so that lubrication is already ensured and friction
reduced. In addition, it may even be advantageous to use at
least two low-melting waxes—e.g. with at least one melting
range/melting point T,, in the range from 60 to 90 or 65 to
100° C.—and/or at least two high-melting waxes—e.g. with
at least one melting range/melting point T, in the range from
110 to 150 or 130 to 160° C. This is especially advantageous
if these waxes have distinctly different viscosities at those,
low or high temperatures in the range of the melting range/
melting point, as a result of which a specific viscosity can be
established in the heated and/or melting lubricant composi-
tion. Thus, for example, a high-melting amide wax may be
less viscous than a high-melting polyethylene and/or
polypropylene wax.

The waxes are selected according to the application con-
ditions, i.e. according to the workpiece and its complexity, the
forming process, how heavy the cold forming is and the
maximum temperatures to be expected on the surface of the
workpiece, but possibly also with regard to certain melting
ranges/melting points over the desired processing range,
especially over the desired temperature range.

Solid Lubricants and Friction Modifiers:

The lubricant composition and/or the coating formed
therefrom can contain at least one solid lubricant and/or at
least one friction modifier. In particular, at least one such
addition in the lubricant composition, in the coating formed
therefrom and/or in the film formed on a coating based on at
least one solid lubricant is advantageous if high degrees of
deformation are required. The total content of at least one
solid lubricant and/or at least one friction modifier in the
lubricant composition and/or in the coating formed therefrom
is preferably either zero or in the range from 0.5 t0 50, 1 t0 45,
31040, 5to 35, 8 t0 30, 12 to 25 or 15 to 20 wt. % of the solids
and active substances.

Ifnecessary, onthe one hand at least one solid lubricant can
be added to the lubricant composition and/or on the other
hand a film containing at least one solid lubricant can be
applied to the coating produced with an aqueous lubricant
composition. It is conventional to work with at least one solid
lubricant when the solid-lubricant-free coating is no longer
adequate for the nature and heaviness of the cold forming and
for the complexity of the workpiece but there is a risk of cold
welding occurring between workpiece and tool, relatively
large dimensional inaccuracies occurring on the formed
workpiece and/or lower degrees of deformation being
achieved than expected under the working conditions, since
attempts will generally be made to work without solid lubri-
cant for as long as possible.

Molybdenum disulfide, tungsten sulfides, bismuth sulfides
and/or amorphous and/or crystalline carbon can preferably be
used as solid lubricant. It is preferable, for reasons of envi-
ronmental protection among others, to work without heavy
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metals. All these solid lubricants have the disadvantage of
producing severe discoloration and severe contamination.
The sulfidic solid lubricants have the disadvantage that the
sulfides are not resistant to hydrolysis and are readily con-
verted to sulfurous acid. The sulfurous acid can readily cause
corrosion if the solid-lubricant-containing coating and the
solid-lubricant-containing deposits are not removed from the
workpiece immediately after cold forming.

The sulfidic solid lubricants are needed especially for
heavy cold forming and the moderate to high temperature
arising during this operation. The carbon additions are advan-
tageous especially at a very high temperature and for a rela-
tively high strain. Whereas molybdenum disulfide can be
used up to temperatures of about 450° C., graphite can be
employed up to temperatures of about 1100° C., although its
lubricant action during cold forming only starts at about 600°
C. A mixture of molybdenum disulfide powder, preferably
particularly finely ground, together with graphite and/or
amorphous carbon is therefore often used. However, an addi-
tion of carbon can lead to an undesirable carburisation of a
ferrous material. And a sulfide addition can even lead to
inter-crystalline corrosion in stainless steel.

The lubricant composition in accordance with the inven-
tion and/or the coating formed therefrom preferably has/have
no content of solid lubricant or a content of at least one solid
lubricant in the range from 0.5 to 50, 1 to 45, 3 to 40, 5 to 35,
8 to 30, 12 to 25 or 15 to 20 wt. % of the solids and active
substances.

Among the other friction modifiers, for example at least
one of the following substances can be used in the lubricant
composition: alkali nitrate, alkali formate, alkali propionate,
phosphoric acid ester—preferably as an amine salt, thiophos-
phate such as e.g. zinc dialkyl dithiophosphate, thiosulfate
and/or alkali pyrophosphate—the latter preferably combined
with alkali thiosulfate. In many embodiments they take part in
the formation of a protective layer and/or a separating layer
for separating workpiece and tool and help to avoid cold
welds between workpiece and tool. However, in some cases
they can have a corrosive effect, as the additives containing
phosphorus and/or sulfur can react chemically with the metal-
lic surface.

The lubricant composition in accordance with the inven-
tion and/or the coating formed therefrom preferably has/have
no content of friction modifier or a content of at least one
friction modifier in the range from 0.05 to 5 or 0.1 to 4 wt. %
of'the solids and active substances, particularly preferably in
the range from 0.3 to 3, from 0.5 to 2.5 or from 1 to 2 wt. %.
Additives:

The lubricant composition and/or the coating formed
therefrom can contain at least one additive in each case.
It/they can contain at least one additive selected from the
group consisting of anti-wear additives, silane additives, elas-
tomers, film-forming auxiliaries, anti-corrosion agents, sur-
factants, defoamers, flow promoters, biocides, thickeners and
organic solvents. The total content of additives in the lubri-
cant composition and/or in the coating formed therefrom is
preferably in the range from 0.005 to 20, 0.1 to 18, 0.5 to 16,
1to14,15t012,2t010,2.5t08,3to 7 or4 to 5.5 wt. % of
the solids and active substances. Thickeners based on non-
ionomers are excluded from these contents and are taken into
account in the non-ionomers. According to the planned appli-
cation conditions and cold-forming operations, and accord-
ing to the formulation of the lubricant composition and/or of
the coating, the content and the selection of additives can vary
within broad limits.

Furthermore, preferably at least one of the following sub-
stances can be/have been used in the lubricant composition
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and/or in the coating formed therefrom to act as an anti-wear
additive and/or as a friction modifier organic polymeric sub-
stances with elevated temperature stability, such as e.g. polya-
mide powder and/or fluorine-containing polymer such as e.g.
PTFE—Dboth of these classes of substances belonging to the
non-ionomers, silanes/silanols/siloxanes (=silane additive),
polysiloxanes, but also in particular calcium-containing
phosphates can act in this way. The lubricant composition in
accordance with the invention and/or the coating formed
therefrom preferably has/have no content of anti-wear
organic substance or a content of at least one anti-wear
organic substance in the range from 0.1 to 10 or 0.5to 8 wt. %
of'the solids and active substances. This content is preferably
110 6,2to 5or3 to 4 wt. % of'the solids and active substances.

In tests, various aqueous solutions with at least one silane
additive in concentrations in the range from 5 to 50 wt. %,
especially also an 8%, a 12% and an 18% solution, based on
at least one silane/silanol/siloxane based on y-aminopropyl-
triethoxysilane, diaminosilane and/or 1,2-bis(trimethoxysi-
lyl)ethane, were used to pre-rinse the phosphatised work-
piece, dried and then coated with the lubricant composition.
Alternatively, this solution can also be mixed into the aqueous
lubricant composition. In both variants, this addition had the
effect of significantly improving the sliding property. In par-
ticular for this purpose, in each case at least one acyloxysi-
lane, alkoxysilane, silane with at least one amino group such
as an aminoalkylsilane, silane with at least one succinic acid
group and/or succinic anhydride group, bis-silyl silane, silane
with at least one epoxy group such as a glycidoxy silane,
(meth)acrylatosilane, multi-silyl silane, ureido silane, vinyl
silane and/or at least one silanol and/or at least one siloxane of
a chemically corresponding composition such as the previ-
ously mentioned silanes can be contained in the lubricant
composition and/or in the coating.

It can preferably contain at least one elastomer, especially
ahydroxy-terminated polysiloxane preferably with a molecu-
lar weight greater than 90 000, to increase the sliding property
and scratch resistance, especially with a content 0£0.01 to 5 or
0.2 to 2.5 wt. % of the solids and active substances of the
lubricant composition and/or of the coating.

It can preferably contain at least one film-forming auxiliary
for the production of a largely or completely continuous
organic coating. In most embodiments, the coating for cold
forming will not be completely continuous, which is totally
adequate for these intended uses if it is then removed from the
formed workpiece again. If, however, the coating is at least
partly to remain on the formed workpiece at least partly, the
addition of at least one film-forming auxiliary may be advan-
tageous in some embodiments. A film formation under the
action of the at least one film-forming auxiliary can take place
in particular together with corresponding non-ionomers and,
for example, with water glass. The film can be formed in
particular together with ionomers, non-ionomers and, for
example, with water glass. The addition of film-forming aux-
iliary/auxiliaries is especially worthwhile in coatings which
are intended to remain at least partly on the formed workpiece
after cold forming, such as e.g. in steering assembly parts. As
a result of this, the workpiece can be permanently protected
against corrosion there. Long-chain alcohols and/or alkoxy-
lates are conventionally used as film-forming auxiliaries.
Preferably in each case at least one butanediol, butyl glycol,
butyl diglycol, ethylene glycol ether and/or in each case at
least one polypropylene glycol ether, polytetrahydrofuran,
polyether polyol and/or polyester polyol is used. The content
of film-forming auxiliary/auxiliaries in the lubricant compo-
sition is preferably in the range from 0.03 to 5 wt. % of the
solids and active substances of the lubricant composition
and/or of the coating, particularly preferably 0.1 to 2 wt. %.
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The weight ratio of the contents of organic film former to
contents of film-forming auxiliaries in the lubricant compo-
sition is preferably in the range from 10:1 to 400:1, from 20:1
t0 250:1 or from 40:1 to 160:1, particularly preferably in the
range from 50:1 to 130:1, from 60:1 to 110:1 or from 70:1 to
100:1.

The lubricant composition in accordance with the inven-
tion can preferably contain at least one anti-corrosion agent,
such as e.g. one based on carboxylate, dicarboxylic acid,
organic amine salt, succinate and/or sulfonate. An addition of
this type may be advantageous especially in coatings which
are intended to remain on the formed workpiece permanently,
at least in part, and/or where there is a risk of corroding, e.g.
flash rusting. The at least one anti-corrosion agent is prefer-
ably contained in a content of 0.005 to 2 wt. % of the solids
and active substances of the lubricant composition and/or of
the coating, particularly preferably 0.1 to 1.2 wt. %.

The lubricant composition can preferably contain in each
case at least one surfactant, defoamer, flow promoter and/or
biocide. These additives are preferably contained in a content
010.005 to 0.8 wt. % of the solids and active substances of the
lubricant composition and/or of the coating in each case,
particularly preferably 0.01 to 0.3 wt. %.

A surfactant can act as a flow promoter. At least one sur-
factant can, in particular, be a non-ionic surfactant; this is
preferably an ethoxylated fatty alcohol with 6 to 20 ethylene
oxide groups. The at least one surfactant is preferably con-
tained in a content of 0.01 to 2 wt. %, particularly preferably
0.05 to 1.4 wt. %. The addition of a defoamer may, under
certain circumstances, be advantageous in order to inhibit the
tendency towards foam formation, which can be reinforced or
caused in particular by an added surfactant.

The lubricant composition can preferably contain at least
one thickener, which, as a polymeric organic thickener,
belongs to the non-ionomers and otherwise belongs not to the
non-ionomers but to the additives. It is preferable to use for
this purpose in each case at least one primary and/or tertiary
amine-containing compound, cellulose, cellulose derivative,
silicate, such as e.g. one based on bentonite and/or at least one
other sheet silicate, starch, starch derivative and/or sugar
derivative. It is preferably contained in the lubricant compo-
sition and/or in the coating formed therefrom in a content of
0.1to 12 or 1 to 6 wt. % of the solids and active substances of
the lubricant composition and/or of the coating.

In addition, at least one organic solvent and/or at least one
solubility promoter can optionally also be added to and/or
contained in the lubricant composition.

Preferably, no contents or no very high contents (e.g. less
than 0.5 wt. % of the solids and active substances of the
lubricant composition and/or of the coating) of chlorine-con-
taining compounds, fluorine-containing compounds, such as
in particular fluorine-containing polymers/copolymers, com-
pounds based on or with a content of isocyanate and/or iso-
cyanurate, melamine resin, phenolic resin, polyethylene
imine, polyoxyethylene, polyvinyl acetate, polyvinyl alco-
hol, polyvinyl ester, polyvinylpyrrolidone, substances having
a relatively strong corrosive action, environmentally
unfriendly and/or toxic heavy metal compounds, borates,
chromates, chromium oxides, other chromium compounds,
molybdates, phosphates, polyphosphates, vanadates, tung-
states, metal powders and/or of a soap conventional in cold
forming, such as alkali and/or alkaline-earth stearates and/or
other derivatives of fatty acids with a chain length in the range
from about 8 to about 22 carbon atoms, are contained in the
lubricant composition and/or in the coating formed there-
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from. Especially in embodiments which are free of non-
polymers, it is preferred not to add any film-forming auxiliary
to the lubricant composition.

Overall Composition:

In many embodiments, the lubricant composition has a
solids and active substances content preferably in the range
from 2 to 95 wt. %, especially in the range from 3 to 85, 4 to
70 or 5 to 50, 10 to 40, 12 to 30 or 15 to 22 wt. %, the
remaining contents to 100 wt. % being either only water or
predominantly water with contents of at least one organic
solvent and/or of at least one solubility promoter. The aque-
ous lubricant composition is preferably kept in motion before
it is applied on to the metallic surface.

The aqueous lubricant composition, when used as a so-
called concentrate, can have a solids and active substances
content preferably in the range from 12 to 95, 20 to 85, 25 to
70 or 30 to 55 wt. %, and as an application mixture (“bath’)
preferably in the range from 4 to 70, 5to 50, 10to 30 or 15 to
22 wt. %. With low concentrations, the addition of at least one
thickener may be advantageous.

In the process according to the invention, the metallic
shaped articles to be cold-formed can be wetted with the
lubricant composition preferably over a period of 0.1 seconds
to 1 hour. The wetting period may depend on the nature, shape
and size of the metallic shaped articles and on the desired film
thickness of the coating to be produced, with e.g. long tubes
often being introduced obliquely into the lubricant composi-
tion so that the air can escape particularly from the interior of
the tube over a prolonged period. The application of the
aqueous lubricant composition on to the workpiece can take
place using any methods conventional in surface finishing,
e.g. by manual and/or automatic application, by spraying
and/or dipping and optionally also by squeezing and/or roll-
ing, optionally in a continuous dipping process.

To optimise the lubricant composition, particular attention
should be paid to adjusting the pH value, to the viscosity at the
elevated temperatures occurring and to the selection of the
substances to be added for graduated softening ranges/soft-
ening points and/or melting ranges/melting points of the vari-
ous components of the lubricant composition.

The metallic shaped articles to be cold-formed can be
wetted with the lubricant composition here at a temperature
preferably in the range from room temperature to 95° C.,
especially at 50to 75° C. If the temperature is less than 45° C.
when wetting the metallic shaped article, drying generally
takes place very slowly without any additional measures,
such as e.g. blowing with a relatively strong hot air current or
treatment with radiant heat; moreover, when drying is too
slow, an oxidation of the metallic surface, especially a cor-
roding such as e.g. flash rust, can occur.

A coating is formed from the lubricant composition here,
the chemical composition of which does not have to corre-
spond to the starting composition and the phase content of the
aqueous lubricant composition in every variant, but which
corresponds largely or completely in very many variants. In
most variants, no crosslinking reactions, or hardly any, take
place; since in most embodiments, it is predominantly or
entirely a case of the aqueous lubricant composition drying
on the metallic surface.

Preferably, the added substances are selected so that the
softening ranges/softening points and/or melting ranges/
melting points of the individual polymeric components
(monomers, comonomers, oligomers, co-oligomers, poly-
mers and/or copolymers of the polymeric organic material),
and optionally also of the waxes and any jointly acting addi-
tives, are distributed over the temperature range which is
limited by the markers of ambient temperature or elevated
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temperature in the range from 20, 50, 100, 150 or 200° C. to
150, 200, 250, 300, 350 or 400° C. As a result of the distri-
bution of the softening ranges/softening points and/or melt-
ing ranges/melting points of the individual organic polymeric
components, e.g. over 20 to 150° C., over 30 or 80 or 120 to
200° C., over 50 or 100 or 150 to 300° C., friction is eased in
every temperature range passed through during cold forming
by at least one softened and/or molten substance in each case
and, as a result, cold forming is generally also guaranteed.
Coatings:

The lubricant layer produced with the lubricant composi-
tion in accordance with the invention (=coating) typically has
a composition which is largely to completely identical with
the composition of the aqueous lubricant composition, apart
from the content of water, optionally organic solvent and
optionally other evaporating components and any condensa-
tion, crosslinking and/or chemical reactions that may occur.

The coating produced with the lubricant compositions in
accordance with the invention is generally intended to facili-
tate cold forming and then to be removed from the formed
workpiece. In special embodiments, such as e.g. in axles and
steering assembly parts, the composition in accordance with
the invention can be formulated so that the coating is particu-
larly suitable to remain permanently on a formed workpiece,
e.g. by using a content of at least one hardener for a thermal
crosslinking, at least one resin which is suitable for radical
curing, such as e.g. UV curing, at least one photoinitiator, e.g.
for UV curing, and/or at least one film-forming auxiliary in
order to produce a particularly high-grade coating which is
continuous in many variants. The hardened, crosslinked and/
or post-crosslinked coatings can represent increased corro-
sion resistance and hardness compared with the coatings of
the other embodiments.

As particularly high-grade coatings for higher or for the
highest mechanical and/or thermal demands, those in which
the liquid, drying and/or dry coating, which was applied with
the aqueous lubricant composition according to the invention,
displays no marked softening and/or only limited softening
up to temperatures of at least 200° C. and/or only limited
softening or no softening up to at least 300° C., have proved
suitable.

For wire drawing it has proved advantageous if, at the
surface temperatures of the wire during wire drawing, a soft-
ening and/or melting occurs, because then uniform, attrac-
tive, lint-free metallic surfaces are formed. The same applies
to other slide-drawing processes and to light to moderate cold
extrusion.

The organic polymeric coatings deposited on phosphate
layers in continuous plants here were formed so that they gave
good adhesion and good results together with the phosphate
layers in cold forming over broad working ranges: no difter-
ences in quality were shown over the variation in treatment
period from 1 to 120 s. However, it has proved advantageous
here if the phosphatised workpiece, such as e.g. a phospha-
tised wire or a phosphatised wire bundle, has sufficient time to
heat up to a favourable coating temperature, e.g. in the range
from 30 to 70° C. It may be advantageous for this purpose to
give the phosphatised workpieces a heating period of one or a
few seconds, e.g. 2 s. In many embodiments, the treatment
period of these workpieces with the aqueous lubricant com-
position in continuous plants will be in the range from 1 to 20
s, especially 2 to 10 s. In this process, polymeric organic
coatings with a coat weight approximately in the range from
1 to 6 g/m? and/or with a thickness approximately in the range
from 0.5 to 4 um are often formed. Even longer treatment
periods and/or even thicker coatings are usually not a prob-
lem.
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The coating applied from the aqueous lubricant composi-
tion preferably has a coating weight in the range from 0.3 to
15 g/m?, especially from 1 to 12, from 2 to 9 or from 3 to 6
g/m?>. The coating thickness of the coating is adjusted in
accordance with the application conditions and can be present
here especially in a thickness in the range from 0.25 to 25 um,
preferably in the range from 0.5 to 20, from 1 to 15, from 2 to
10, from 3 to 8 or from 4 to 6 um.

As the workpieces to be formed, strips, sheets, slugs (=wire
sections, profile sections, blanks and/or tube sections), wires,
hollow profiles, solid profiles, bars, tubes and/or shaped
articles with more complex shapes are usually used.

The metallic shaped articles to be cold formed can, in
principle, consist of any metallic material. They preferably
consist substantially of steel, aluminium, aluminium alloy,
copper, copper alloy, magnesium alloy, titanium, titanium
alloy, especially of structural steel, high-tensile steel, stain-
less steel and/or metal-coated steel, such as e.g. aluminised or
galvanised steel. The workpiece usually consists substan-
tially of steel.

If necessary, the metallic surfaces of the metallic work-
pieces to be cold formed and/or the surfaces of their metal-
coated coating can be cleaned in at least one cleaning process
before being wetted with the aqueous lubricant composition,
all cleaning processes being suitable in principle for this
purpose. The chemical and/or physical cleaning can particu-
larly comprise peeling, abrasive blasting such as e.g. anneal-
ing, sandblasting, mechanical descaling, alkaline cleaning
and/or acid pickling. The chemical cleaning preferably takes
place by degreasing with organic solvents, by cleaning with
alkaline and/or acidic cleaners, with acidic pickles and/or by
rinsing with water. Pickling and/or abrasive blasting is pri-
marily used to descale the metallic surfaces. Preferred meth-
ods are e.g. only to anneal a welded tube of cold-rolled strip
after welding and scraping, e.g. to pickle, rinse and neutralise
a seamless tube and e.g. to degrease and rinse a stainless steel
slug. Parts made of stainless steel can be brought into contact
with the lubricant composition both moist and dry, since no
rusting is to be expected.

If necessary, the metallic shaped articles to be cold-formed
can be pre-coated before wetting with the lubricant compo-
sition according to the invention. The metallic surface of the
workpiece can, if necessary, be provided with a metallic coat
before wetting with the lubricant composition according to
the invention, said coat consisting substantially of a metal or
of'a metal alloy (e.g. aluminised or galvanised). On the other
hand, the metallic surface of the workpiece or its metal-
coated coating can be provided with a conversion coating
and/or with a coating containing inorganic particles, espe-
cially oxalated or phosphatised. The conversion coating can
preferably take place with an aqueous composition based on
oxalate, alkali phosphate, calcium phosphate, magnesium
phosphate, manganese phosphate, zinc phosphate or corre-
sponding mixed crystal phosphate, such as e.g. CaZn phos-
phate. Often, the metallic shaped articles will also be wetted
with the lubricant composition according to the invention
uncoated, i.e. without a previous conversion coating. How-
ever, this is only possible if the metallic surface of the work-
piece to be formed has previously been chemically and/or
physically cleaned.

The metallic shaped articles are preferably dried thor-
oughly, especially with hot air and/or radiant heat, after being
coated with the lubricant composition. This is often necessary
because water contents in coatings generally cause problems
during cold forming since otherwise the coating cannot be
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formed adequately and/or because a coating of poorer quality
may be formed. In this case, corrosion can often also occur
quickly.

Surprisingly, with adequate drying, the coating in accor-
dance with the invention is of such good quality that, with
careful handling, the metal-coated shaped article is not dam-
aged and also is not partly eroded.

The metallic shaped articles coated in accordance with the
invention can be used for cold forming, especially for slide
drawing e.g. of tubes, hollow profiles, rods, other solid pro-
files and/or wires, for ironing and/or deep drawing e.g. of
strips, sheets and/or hollow parts, e.g. to form hollow parts,
for cold extrusion, e.g. of hollow and/or solid parts and/or for
cold heading e.g. of wire sections to form joining elements
such as e.g. nuts and/or screw blanks, it being possible also to
carry out several, optionally even several different, cold-
forming operations in succession in some cases.

Inthe process according to the invention, the formed work-
piece can preferably be at least partly cleaned of the remain-
ing coating and/or of the deposits of the lubricant composi-
tion after cold forming.

In the process according to the invention, the coating can,
if necessary, remain on the formed workpieces permanently
after cold forming, at least in part.

The object is also achieved by a lubricant composition
according to the invention for application to a workpiece to be
formed and for cold forming.

The object is also achieved by a coating which has been
formed from a lubricant composition according to the inven-
tion.

It also relates to the use of a lubricant composition accord-
ing to the invention for application to a workpiece to be
formed and for cold forming as well as to the use of a coating
according to the invention for cold forming and optionally
also as a permanent protective coat.

Ithas been found that, in electrolytic phosphatising, brush-
ite CaHPO, and mixed crystals thereof are deposited from
particularly calcium-rich phosphatising solutions. It is
assumed that, when cold forming at temperatures from about
90° C., brushite is converted to tricalcium phosphate, as a
result of which phosphoric acid is released. Itis assumed that
the phosphoric acid forms a thin protective and separating
layer on the metallic surface on the one hand, but on the other
hand reacts with the components of the polymeric basic coat-
ing, especially with amine groups and amines. During this
process, for example an amine such as e.g. an amino alcohol
can be converted to amine phosphate. Amine phosphates act
as friction modifiers and provide protection against wear, also
supporting polar lubrication. During cold forming, amine and
phosphoric acid can then be released again under high pres-
sure and/or at high temperature. These chemical reactions can
have an advantageous effect on cold forming. Phosphate lay-
ers based on brushite and polymeric coatings optionally with
amine groups and/or with at least one amine but without alkali
or alkaline-earth contents in excess are therefore regarded as
particularly advantageous. For embodiments of this type, it
may be advantageous if the at least one amine is contained in
the aqueous lubricant composition in a relatively high excess
over the required contents needed for reactions with the iono-
mers and/or non-ionomers.

In the production of screws in a screw striking machine,
phosphate layers with a polymeric coating according to the
invention can work about 20% more rapidly compared with
phosphate layers with a lubricant layer based on soap.

Surprisingly, it has been found that even a very small
addition of a water-soluble, water-containing and/or water-
binding oxide and/or silicate, especially of water glass, but



US 9,422,503 B2

25

also a large addition leads to a marked improvement in the
coating according to the invention, which leads to signifi-
cantly improved cold forming under otherwise identical con-
ditions and can be used for more severe cold forming than
with comparable lubricant compositions that are free from
these compounds. Moreover, the coating according to the
invention can also be used without the addition of solid lubri-
cants and without applying a separate solid lubricant coat in
cold-forming operations with a greater action of force and at
a higher temperature than comparable coatings without this
addition. Furthermore, this addition also has a marked anti-
corrosive action.

Surprisingly, it was also found that cold extrusion—espe-
cially of steel slugs—took place in accordance with the inven-
tion with particularly low friction and above all without
breakage of the tool, even when significantly elevated forces
were used. It is thus possible to produce coatings both for the
area of extreme compression pressures and for the area of
maximum wear reduction during cold forming, increased
shaping accuracy and/or increased strain rate, which can be
applied simply, reproducibly and cost-effectively in a one-pot
process, e.g. by dipping, removing and drying.

EXAMPLES ACCORDING TO THE INVENTION
AND COMPARATIVE EXAMPLES

Slugs of hardened carbon steel C15,1.0401 from 90-120
HB with a diameter of approx. 20 mm and a height of approx.
20 mm were phosphatised electrolytically or non-electrolyti-
cally (Tables 1) with various phosphatising solutions. The
coating of the phosphatised slugs with the polymeric aqueous
lubricant composition, mostly according to the invention,
took place by dipping for 1 min and then drying for 10 min at
60 to 65° C. in a circulating air oven. These double-coated,
dried slugs were then cold-formed in a press by reverse extru-
sion at 300 t.

An aqueous lubricant concentrate was prepared, while stir-
ring vigorously with a high-speed mixer, taking deionised
water and optionally an addition of a neutralising agent, such
as e.g. an amino alcohol, as the initial charge. On the one
hand, compositions (A) were prepared with an amino alcohol,
which were initially held at temperatures in the range from 80
to 95° C., and on the other hand, compositions (B) were
prepared with an ammonium content, which were held at
room temperature and/or at up to 30° C. for the entire period.
The contents of amino alcohol and ammonium ions were used
for neutralisation (=formation of an organic salt) and to obtain
organic salts in the aqueous composition.

With the lubricant compositions (A) and (B) as mixtures,
lubricant concentrates and baths, the same procedure was
followed in principle. First, the at least one ionomer based on
ethylene acrylate was added to the initial charge of water,
partly as a dispersion. For this purpose, the mixture (A) con-
tinued to be held at temperatures in the range from 80 to 95°
C. and to be stirred vigorously with a high-speed mixer to
enable neutralisation and salt formation to take place. After
some time, a transparent liquid was formed during this opera-
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tion. With the mixtures (B), the at least one ionomer based on
ethylene acrylate in the form of at least one dispersion of at
least one organic ammonium salt was added and vigorous
stirring with a high-speed mixture continued. Then, the non-
ionomers were added to the mixtures (A) and (B) first in
dissolved and/or dispersed form and then in powdered form
with vigorous and prolonged stirring using a high-speed
mixer. For this purpose, in the mixtures (A) the temperature
was reduced again to the range of 60 to 70° C. In addition, the
other additives such as biocide, wetting agent and anti-corro-
sion agent were added as required and finally at least one
thickener to adjust the viscosity. If required, each concentrate
was filtered and the pH was adjusted. To coat the metallic
workpieces to be formed, each concentrate was diluted appro-
priately with deionised water and, if necessary, the pH was
adjusted. The baths with the aqueous lubricant composition
were permanently stirred gently and held at a temperature in
the range from 50 to 70° C. (baths A) or from 15 to 30° C.
(baths B).

In Tables 2, the lubricant compositions and the suitability
of the coatings formed therewith on phosphate coats for spe-
cific cold-forming operations and their strain are given. The
remainder to 100 wt. % is formed by the additives and solid
lubricants, only the latter being listed. As ionomers, ethylene
acrylates and/or ethylene methacrylates (“ethylene acrylate™)
were used. “Ammonium polymer” refers to organic poly-
meric ammonium salts of the non-ionomers, which were
added as dispersions. Among the additives, only the solid
lubricants are listed, which is why the sum of the solids and
active substances does not add up to 100 wt. %. The ionomers
of types A and C have a somewhat higher molecular weight
and a significantly higher melt viscosity (viscosity at high
temperature, especially in the range of softening and/or melt-
ing) than the ionomers of types B and D. The ionomers of
types A and B were reacted with an amino alcohol during the
production of the aqueous lubricant composition. The iono-
mers of types C and D have an ammonium content and were
already added as organic salts.

Table 1: Compositions of the aqueous acidic phosphatising
solutions in electrolytic and electroless phosphatising with
contents given in g/l, with the electrical conditions and the
coat properties

Table 2: Compositions of the aqueous lubricant composi-
tions, giving the solids and active substances in wt. % and the
suitability of coatings formed therewith on phosphate coats
for specific cold-forming operations and their strain for many
different basic compositions with a varying content of the
different components

Cold-forming operations: AZ=ironing, GZ=slide drawing,
HF=hydroforming, KFP=cold extrusion, KS=cold heading,
TP=orbital forming, TZ=deep drawing

Solid lubricants: G=graphite, M=molybdenum disulfide

*=proportion excluded from calculation, and possibly
excess proportion, so that the sum is more than 100 wt. %
since at least some of the ionomers and non-ionomers are
present as salts

**=jonomer

TABLE 1
Additions in g/1 E1l E2 E3 E4 ES E6 E7 E8 E9 E10
PO, 39.0 19.5 39.0 39.0 19.5 39.0 12.0 13.8 39.0 39.0
P,05 29.3 14.7 29.3 29.3 14.7 29.3 9.0 104 29.3 29.3
Ca 22.0 11.0 11.0 — — — 3.1 8.3 22.0 22.0
Mg — — — 11.6 — — 3.0 — — 5.0
Mn — — 11.2 11.2 15.1 30.2 — — — —
Zn — — — — — — 6.0 5.0 — —
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TABLE 1-continued
Ni — — — — — 0.3 — — —
NOz~ 68.2 34.1 59.3 84.7 34.1 68.2 22.8 24.6 68.2 93.7
ClO3~ — 13.2 26.4 — — — — — —
Nitroguanidine 1.0 — — — — 1.0 — 1.0 — —
Heterocyclic acid — — — — — 5.0 — — — —
pH 2.0 2.0 1.9 2.2 2.2 2.0 2.1 2.1 2.0 2.0
Free acid 11.70 5.90 11.8 7.5 5.5 8.6 3.4 8.8 12.10 10.40
Fischer total acid 45.2 21.0 44.0 48.0 22.2 43.6 7.6 8.8 46.0 44.1
Total acid 78 42 89 80 49 91 20 26 82 84
S value 0.26 0.28 0.27 0.16 0.25 0.20 0.45 1.0 0.26 0.24
Ela Elb Elc E2 E3 E4 E5 E6 E7 E8 E9 E10a E 10b
Average voltage V 55 8 15 6.5 5.0 5.0 50 55 — — 55 45 12
AC proportion A/dm? 6.5 — — — — — — — — — 10 —
Frequency Hz 1 — — — — — — — — — 1 —
DC proportion A/dm? 13.0  60.0 120.0 134 137 5.7 122 135 — — 16.0 19.1  80.0
Treatment period s 10 2 1 10 5 10 10 10 20 20 5 5 2
Coat colour white white-  white- white white- grey  white white dark dark lightgrey grey white
light light light grey  grey
grey grey grey
Visual coat quality good  very very good good medium very very good good medium good good
good good good good
Coat adhesion very  very very good  good good good very good good good good good
good  good good good
Coat weight g/m? 10.0 7.0 7.0 7.6 4.8 4.4 74 88 165 12.0 6.1 6.6 12
Rate of deposition at 4.0 4.0 35 34 4.2 4.6 3.6 39 — — 3.7 4.1 4.5
1 A/dm? over 1 min,
g/m?
TABLE 2
Example
Ell E12 E13 E 14 E15 E16 E17
Ethylene acrylate** 9.3 23.5 29.7 34.0 65.5 95.2 95.2
Ethylene acrylate type** B B B B A A A
Acrylic polymer 6.8 13.2 — 0.8 — —
Styrene acrylate — 7.8 7.9 144 —
Amino alcohol proportion* 2.4 7.2 8.4 6.9 10.1 18.3 18.3
Polymer thickener 11.2 11.2 55 — — —
Waxes 52.2 43.5 325 50.4 20.2 28.2 —
Number of waxes 2 3 2 3 2 3 —
Ty/T,, of waxes ° C. 68+ 148  68+143+148 85+148 68+ 143+148 85+ 148 68 + 85 + 148 —
Water glass 9.2 7.0 6.5 1.8 25 3.2 2.5
Solid lubricants — — — — —
pH 9.4 9.3 9.5 9.5 9.3 9.6 9.8
Possible uses AZ GZKFP AZGZKFP AZGZKFP AZGZKFP AZGZKFP KFP KS KFP
KSTZ KSTZ KSTZ KSTZ KSTZ
Max. strain moderate heavy heavy heavy heavy heavy very heavy
Example
E18 E19 E20 E21 E22 E23
Ethylene acrylate** 6.2 11.8 14.1 18.7 24.1 433
Ethylene acrylate type** C+D C+D C+D C C C
Acrylic polymer 6.0 — — — 0.2 14
Styrene acrylate 14.3 9.2 11.9 15.9 3.6 2.8
Waxes 56.0 29.2 38.2 50.1 67.8 35.6
Number of waxes 3 3 3 3 2 3
TJT,, of waxes ° C. 68 +85+143 68+ 143 +148 68 + 143 + 148 68 + 143 + 148 85 + 148 85 + 143 + 148
Water glass 4.0 1.8 25 52 3.4 8.7
Solid lubricants — 39.9 Graphite 21.0 MoS, — — —
pH 9.2 9.0 9.7 8.5 8.0 9.2
Possible uses GZTZ AZ GZHFKFP  AZ GZ HF KFP AZGZTZ AZ GZKFPTZ  AZ GZKFP
TZ TZ
Max. strain moderate moderate- moderate-heavy ~ moderate-heavy  moderate-heavy heavy
heavy

In the tests of Table 1, it was shown that the many different
phosphatising compositions could be deposited electrolyti-
cally and non-electrolytically. For the compositions of E1 and
E10, different deposition conditions were selected. Particu-
larly brief deposition conditions were also used with com-

paratively high current densities and voltages. The coatings
were mostly good or even very good. The phosphate coats
65 display slightly different properties. Phosphate layers con-
taining CaZn and Ca have proved particularly good. In addi-
tion, it was shown that Ca and CaZn phosphate layers are
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more suitable for cold forming than Zn phosphate layers,
since Ca phosphate and CaZn phosphate are still resistant at
higher temperatures than Zn phosphate, beyond 270° C., so
that they can be used in cold forming up to a higher tempera-
ture than Zn phosphate. The phosphate layer only adheres to
the metallic surface here as long as it is not markedly changed
by chemical and/or physical reactions. If the phosphate layer
changes, it flakes off the metallic substrate, at least in part.
With phosphate layers based on Ca or CaZn, the ejector forces
of the press for cold forming are very much lower than with
those based on Zn. In addition it was shown that, owing to
lower friction, Ca phosphate and CaZn phosphate lead to
longer tool lives than Zn phosphate with sustained cold form-
ing. In addition to the environmental friendliness of the
heavy-metal-free phosphate layers, their lighter colour is also
advantageous in terms of contaminations. It was shown that
particularly strongly adhering and adequately rough phos-
phate layers can be produced, which adhere to the metallic
surfaces well to very well and which, on the other hand, offer
a high-quality adherent surface for the polymeric coatings in
accordance with the invention, which adhere well to very well
thereto.

In the tests of Table 2, it was shown that the content of
various components in the lubricant compositions in accor-
dance with the invention can be varied to a broad extent. On
the one hand, the addition of at least one ionomer, but also of
at least one wax and optionally of water glass, has proved
particularly suitable here. The lubricant composition and the
coating formed therefrom can substantially be used more
readily or better for heavy forming operations if a relatively
high content of ionomer(s) or an additional high content of at
least one solid lubricant is contained. The lubricant compo-
sitions of Examples 19 and 20 are particularly suitable for
heavy cold forming, such as orbital forming, owing to the
content of graphite and molybdenum disulfide respectively.

The lubricant compositions according to the invention
make environmentally friendly coatings possible, which are
applied to metallic workpieces in a simple and cost-effective
manner and are suitable for simple, moderately heavy and/or
particularly heavy cold-forming operations. Owing to the use
of organic salts, the coatings and corresponding deposits can
be removed from the formed workpiece by simple means
after cold forming.

The invention claimed is:

1. A process for the preparation of metallic workpiece
comprising:

forming a phosphate layer on the surface of the metallic

workpiece by contacting a surface of the metallic work-
piece with an aqueous acidic phosphatizing solution;
subsequently applying a lubricant layer coating to the
phosphate layer on the surface of the workpiece;
wherein the lubricant layer comprises water glass, an
amine and a substantial content of organic polymeric
material,
wherein the aqueous acidic phosphatizing solution com-
prises phosphate and a content of calcium, magnesium
or manganese; and

wherein the organic polymeric material comprises an iono-

mer which comprises a member selected from the group
consisting of acrylic acid, methacrylic acid, an epoxide,
an ethylene, a polyamide, a propylene, a styrene, and a
urethane, or an ester thereof or a salt thereof,

wherein at least one of the ionomer and the non-ionomer is

at least partly saponified or is an organic salt;

wherein the ionomer is an ionomeric copolymer;

wherein the lubricant composition further comprises a

non-ionic organic polymeric component selected from
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the group consisting of acrylic acid, methacrylic acid, an
amide, an amine, an aramid, an epoxide, an ethylene, an
imide, a polyester, a propylene, a styrene and a urethane;

wherein the amine is selected from the group consisting of
a primary amine, a secondary amine and a tertiary
amine; and

wherein the lubricant layer comprises less than 0.5 wt. %

soap based on the total weight of the lubricant layer.

2. A process according to claim 1, wherein the phosphatiz-
ing solution contains 1 to 200 g/1 of compounds of calcium,
magnesium or manganese, including the ions thereof, calcu-
lated as calcium, magnesium and manganese, no zinc or less
than 60 wt. % of the cations as zinc, and 2 to 500 g/l phosphate
calculated as PO,,.

3. A process according to claim 2, wherein phosphatizing is
carried out electrolytically with an alkaline-earth content of
more than 80 wt. % of all cations.

4. A process according to claim 1, wherein phosphatizing is
carried out electrolytically with an alkaline-earth content of
more than 80 wt. % of all cations.

5. A process according to claim 1, wherein the amine is a
primary amine.

6. A process according to claim 1, wherein the amine is a
secondary amine.

7. A process for the preparation of a metallic workpiece for
cold forming comprising the steps of:

contacting a metallic workpiece with an aqueous acidic

phosphatizing solution comprising phosphate and at
least one metal ion selected from the group consisting of
calcium, magnesium and manganese to form a phos-
phate workpiece having phosphate layer on a surface
thereof;, and

subsequently applying a lubricant layer coating to the

phosphate layer by contacting the phosphate layer on the
surface of the phosphate workpiece with an aqueous
lubricant composition;

wherein the aqueous lubricant composition comprises 1)

an organic polymeric material comprising an ionomer,
2) at least one member selected from the group consist-
ing of a water-soluble oxide, a water-containing oxide, a
water-binding oxide and a silicate, and 3) a tertiary
amine;

wherein the ionomer is an ionomeric copolymer; and

wherein the lubricant layer comprises less than 0.5 wt. %

soap based on the total weight of the lubricant layer.

8. The process according to claim 7, wherein the organic
polymeric material further comprises an organic non-iono-
mer.

9. The process according to claim 8, wherein the organic
non-ionomer is selected from the group consisting of an oli-
gomer, a polymer and a copolymer.

10. The process according to claim 8, wherein the organic
non-ionomer is based on a member selected from the group
consisting of acrylic acid, methacrylic acid, an amide, an
amine, an aramid, an epoxide, an ethylene, an imide, a poly-
ester, a propylene, a styrene and a urethane.

11. The process according to claim 8, wherein the organic
non-ionomer is at least party saponified.

12. The process according to claim 7, wherein the ionomer
is based on a member selected from the group consisting of
acrylic acid, methacrylic acid, an epoxide, an cthylene, a
polyamide, a propylene, a styrene, a urethane.

13. The process according to claim 7, wherein the organic
ionomer is at least partly saponified.

14. The process according to claim 7, wherein the organic
ionomer is an organic salt.
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15. The process according to claim 7, wherein the phos-
phatizing solution contains 1 to 200 g/l of compounds of
calcium, magnesium or manganese, including the ions
thereof, calculated as calcium, magnesium and manganese,
no zinc or less than 60 wt. % of the cations as zinc, and 2 to
500 g/1 phosphate calculated as PO,,.

16. The process according to claim 15, wherein phos-
phatizing is carried out electrolytically with an alkaline-earth
content of more than 80 wt. % of all cations.
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